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(57) ABSTRACT 

Class of service is supported over bonded lines by determin 
ing that packets of the same traffic class are to be sent over the 
same link and sending the packets over the same link without 
passing the packets through a fragmentation and reassembly 
layer. 
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METHOD AND APPARATUS FOR 
SUPPORTING CLASS OF SERVICE OVER 

BONDED DIGITAL SUBSCRIBER LINE (DSL) 
LINKS 

PRIORITY CLAIM 

0001. This application claims priority from U.S. Provi 
sional Patent Application No. 61/375,064 filed on 19 Aug. 
2010, the content of said application is incorporated herein by 
reference in its entirety. 

BACKGROUND 

0002 DSL (digital subscriber line) is an access technol 
ogy used to connect users to a central office (CO) by mapping 
data to higher frequency components of Voice grade copper 
lines used for basic telephony service. Typically, service pro 
viders use this technology to deliver broadband internet con 
nection to home users. In order to effectively support various 
applications on the DSL link, usually the traffic is segregated 
into three classes, namely: 

0003 Low latency, high priority (e.g. voice) 
0004 Low latency, low priority (e.g. video) 
0005 High latency (e.g. ftp data) 

0006 Current DSL standards have defined two ways of 
Supporting class of service. Low latency and high latency 
traffic can be split at the TPS-TC (transport protocol specific 
transmission convergence) layer and mapped to different 
latency paths of the PMS-TC (Physical media specific trans 
mission convergence) layer. The high latency path in PMS 
TC uses a technique called interleaving which results in better 
impulse noise protection at the cost of higher latency. The low 
latency path uses Smaller interleaving depth or no interleav 
ing at all (and thus lower impulse noise protection) but with 
the advantage that the latency of transmission is lower. 
0007. These two streams can be further split into low and 
high priority traffic in the TPS-TC layer using a technique 
called pre-emption. Traffic on the DSL link is transmitted in 
units of Ethernet packets, if the TPS-TC layer is configured in 
the Packet Transfer Mode (PTM). When the transmitter is to 
send a pre-emption packet, and it is in the middle of trans 
mission of a lower priority packet, it is allowed to pause the 
transmission of the ongoing lower priority packet, transmit 
the higher priority packet and then resume the lower priority 
packet transmission. This ensures that the higher priority 
packet has minimal transmission delay, which comes at a cost 
of increased transmission delay of the lower priority packet. 
0008 Bonding is a technique to aggregate the data rates of 
two or more DSL links between the CO and same Customer 
Premises Equipment (CPE). Usually the telephony services 
company provides two copper lines to its subscribers, one of 
which is unused and meant for redundancy purposes. These 
lines can be bonded together to either have higher bandwidth 
or support longer distance between CO and CPE. The trans 
mission delay and data rate of the bonded links need to be 
similar in order to reduce the processing complexity of the 
receiver. 

0009 Ethernet packets to be sent on the DSL link are split 
into smaller fragments before the TPS-TC processing, a 
sequence identification number (SID) is added to each frag 
ment and then the fragments are sent as regular packets to the 
per-link TPS-TC function. On the receiverside, the reassem 
bly function receives the fragments from all the TPS-TC 
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functions (one per link), and recreates the original packet 
sequence from the SIDs of the received fragments. 
0010 Pre-emption support is available over bonded links. 
Logical depiction of the bonding function (also known as Port 
Aggregation Function i.e. PAF) and the pre-emption function 
in the relevant standards show that the transmitter first per 
forms the bonding function before the TPS-TC layer and the 
pre-emption function resides within the TPS-TC layer. Since 
the bonding function on the receiver side attempts to recon 
struct the exact packet sequence that the bonding function on 
the transmitter side sent, it means traffic classification cannot 
co-exist with bonding, because classification essentially 
assumes that the medium is capable of Supporting different 
latencies for different traffic classes, whereas bonding 
assumes that there is a single traffic class that is transported on 
different media with similar latencies. 
0011. One bonding function can be provided per traffic 
class to address this problem. However both the transmitter 
and receiver need additional hardware and computational 
resources for Supporting each instance of the bonding func 
tion. Also, bonding increases end-to-end latency, which is not 
Suited for certain traffic classes. A more efficient approach 
involves limiting the number of bonding function instances 
and also limiting the latency for certain traffic classes. 
Another approach is to have dual latency in PMS-TC and 
bond only one of the two latency paths. The non-bonded 
latency path could be used for traffic classes that are sensitive 
to latency. However this approach results in a certain portion 
of the available bandwidth always being reserved for such 
applications or traffic classes, irrespective of whether it is 
required or not. 

SUMMARY 

0012. The embodiments described herein limit the num 
ber of bonding function instances required within CO and 
CPE and at the same time results in the same number of traffic 
classes as is possible without bonding. The embodiments 
described herein also do not reserve bandwidth for any par 
ticular traffic class or application and are applicable to various 
types of systems such as home networking and wireless LAN 
(local area network) systems. 
0013. According to an embodiment of a method for Sup 
porting class of service over bonded lines, the method 
includes: determining that packets of a same traffic class are 
to be sent over a same link; and sending the packets over the 
same link without passing the packets through a fragmenta 
tion and reassembly layer. 
0014. According to an embodiment of a communication 
device for Supporting class of service over bonded lines, the 
communication device includes one or more engines config 
ured to determine that packets of a same traffic class are to be 
sent over a same link and send the packets over the same link 
without passing the packets through a fragmentation and 
reassembly layer. 
0015. According to an embodiment of a method for Sup 
porting class of service over bonded lines, the method 
includes: receiving fragments at a receiver; and configuring 
the receiver to prevent those fragments having a predeter 
mined sequence identification number from passing through 
a fragmentation and reassembly layer. 
0016. According to an embodiment of a receiver for Sup 
porting class of service over bonded lines, the receiver 
includes one or more engines configured to process received 
fragments and configure the receiver to prevent those frag 
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ments having a predetermined sequence identification num 
ber from passing through a fragmentation and reassembly 
layer. 
0017 Those skilled in the art will recognize additional 
features and advantages upon reading the following detailed 
description, and upon viewing the accompanying drawings. 

BRIEF DESCRIPTION OF THE FIGURES 

0018. The elements of the drawings are not necessarily to 
scale relative to each other. Like reference numerals designate 
corresponding similar parts. The features of the various illus 
trated embodiments can be combined unless they exclude 
each other. Embodiments are depicted in the drawings and are 
detailed in the description which follows. 
0019 FIG. 1 illustrates methods of supporting class of 
service over bonded DSL links. 
0020 FIG. 2 illustrates a communication device config 
ured to support class of service over bonded DSL links. 

DETAILED DESCRIPTION 

0021 Support for fragmentation and reassembly only 
arises when parts of the same packet are transmitted over 
more than one link. If all packets of the same traffic class are 
sent over the same link, and there is a way for the receiver to 
distinguish between the traffic classes using the control struc 
tures (called TC sync pattern) (embedded in the data stream 
sent out by the TPS-TC layer, or using special preconfigured 
SIDS in the bonding header that will not be used for fragmen 
tation and reassembly) then essentially all packets of that 
traffic class can be sent and received without passing them 
through the fragmentation and reassembly layers, which is 
also referred to herein as the TO sync pattern method. 
0022 Pre-emption traffic in the non-bonded case is 
already identifiable by the receiver using unique control 
structures in the TPS-TC layer as defined in current standards. 
Such a scheme is required to allow for the pause and restart of 
the non-pre-emption data. Therefore, if the transmitter for 
wards pre-emption data only to one of the links and does not 
pass it through the fragmentation layer and similarly the 
receiver identifies pre-emption data and bypasses the reas 
sembly layer only for the preemption data, then effectively 
two traffic classes (high priority and low priority) can be 
Supported over a single bonding function. Similarly, more 
traffic classes can be supported by having unique per class 
identification control structures known to both the transmitter 
and receiver. 
0023 The reassembly layer on the receiver side can be 
configured to ignore fragments with certain pre-configured 
SIDs for reassembly purposes and instead use them as traffic 
class identifiers and pass them on to the next layer after 
removing the SID and extracting the traffic class information. 
The transmitter would similarly use these special SIDs to 
convey the traffic class information of the non-bonded traffic. 
This method is also referred to herein as the SID method. 

0024. One notable difference between the two methods of 
traffic class differentiation described above is that when using 
the TC sync pattern method, it is the TPS-TC layer in the 
receiver that differentiates between the traffic classes, 
whereas in the SID method, it is the reassembly layer that 
differentiates between the traffic classes before appending an 
incoming fragment to the per-PME (Physical Medium Entity) 
queue. The TC sync pattern method offers slightly better 
latency for pre-emption or higher priority traffic because of 
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the ability to switch between traffic classes at the TC code 
word boundary, whereas for the SID method, the switching 
happens only at fragment boundaries. 
0025 Several factors should be considered with this kind 
of implementation. For example, the maximum data rate of 
the traffic class is limited to the maximum data rate of the line 
to which it is mapped. This seems to contradict the original 
purpose of having bonding, i.e. increased data rate between 
the CO and CPE. However this may not be a limiting factor 
for certain applications (mapped to a traffic class) where the 
data rate of one of the bonded links is high enough. Also since 
there are no fragmentation and reassembly delays, this imple 
mentation is better Suited for latency sensitive applications. 
0026. In another example, sending non-bonded traffic on 
one of the links increases the differential delay of the bonded 
traffic for the receiver, and thus may increase the complexity 
due to higher differential delay requirement. The increase in 
differential delay itself is controllable using a rate shaping 
mechanism for the non-bonded traffic as described in more 
detail later herein. In any case, the increased complexity for 
the receiver with this implementation is not of the same scale 
as Supporting additional bonding groups for individual traffic 
classes. 

0027. In yet another example, if the link that carries the 
non-bonded traffic drops (i.e. the DSL connection between 
CO and CPE on that link is broken), then the transmitter 
should re-assign the stream to any of the other bonded (and 
active) links. There need not be any handshake procedure 
between the CO and CPE to shift the traffic stream from one 
link to another. The decision to map a certain traffic stream to 
a certain DSL link is purely with the transmitter, and the 
receiver does not make any assumption about which traffic 
stream is mapped to which DSL link and at what point in time 
Such a mapping exists. If the transmitter decides to Switch the 
traffic stream from one DSL link to another for reasons other 
than breakage of the link, the transmitter may have to pause 
the transmission of the traffic stream during the Switching to 
account for the differential delay between the lines. That is, 
the possibility of the receiver receiving packets or data of a 
traffic stream Switching from one link to another can be 
avoided, if the transmitter waits for the "pipe' on the first link 
to be completely flushed before resuming the transmission of 
that traffic stream on a new link. 

0028 Sending non-bonded traffic over bonded links adds 
to the differential delay on the bonded traffic at the receiver. In 
the worst case, if one of the links were to continuously send 
non-bonded traffic forx symbols, the receiver needs to buffer 
X symbols of the other links sending bonded traffic (i.e. until 
the first link resumes bonded traffic). As such the rate at which 
non-bonded traffic is inserted onto the line should be con 
trolled. For the TC sync pattern method for traffic class dif 
ferentiation, this rate is controllable in “fine grain' units of 
for example, 65 byte TC code words, because the pausing and 
resumption of traffic belonging to various traffic classes hap 
pens at the TC codeword boundaries. Factors that control the 
rate shaping of the non-bonded traffic classes are the maxi 
mum data rate requirement for that traffic class and maximum 
differential delay the receiver can handle. The implementa 
tion of Such a rate shaper is implementation specific and not 
mentioned further herein. 

0029. A more “coarse grain” measure to limit the impact 
on differential delay is to not insert the non-bonded traffic TC 
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codeword between consecutive SIDs on the same link. This 
method can be used for both ways of conveying the traffic 
class information. 

0030 FIG. 1 illustrates one embodiment of this method. 
According to this embodiment, the receiver waits for SID 11 
on link 0 before continuing with reassembly. In the mean 
time, X symbols of bonded traffic are received on link 1 and 
wait in the reassembly buffer of the receiver for SID 11. In the 
second case, since the receiver does not need to wait for the 
expected SID, there is no increase in the reassembly buffer 
requirement. Implementing such a scheme with the TC sync 
pattern method of conveying traffic class information might 
require aligning the fragment boundary with the TC code 
word boundary. For example, if SID 10 finishes in the middle 
of a codeword, then the remainder of the codeword needs to 
be finished with an idle pattern so that the non-bonded traffic 
can start on the next TC codeword boundary and SID 11 can 
be sent on link 1. To minimize loss of bandwidth in such 
cases, the transmitter may decide to insert the non-bonded 
traffic when the end of fragment of the bonded traffic matches 
or nearly matches the end of the TC codeword, or the frag 
ment size itself may be adjusted to satisfy this condition. 
0031 FIG. 2 illustrates an embodiment of a system or 
network which implements the methods described herein. 
These methods can be implemented at a CO and/or CPE. A 
classification engine 100 identifies the data streams based on 
values of certain fields in the Ethernet packet. The output is 
one or several non-bonding data streams and one bonding 
data stream. A rate shaping and stream selection engine 110, 
based on Such factors as individual line data rates, maximum 
data rate for non-bonding streams and length of burst of the 
nonbonding data stream, decides which link should send the 
non-bonding stream and how many code words of the non 
bonding stream(s) should be sent in a burst. The rate shaping 
and stream selection engine 110 also decides the mapping of 
a traffic stream to a DSL link and when to change it. For long 
bursts of non-bonding traffic and using TC sync pattern for 
traffic differentiation, a fragment size selector 120 could alter 
the size of a bonding fragment queued for transmission in 
order to reduce bandwidth wastage when switching between 
bonding and non-bonding streams as described above. For 
shorterbursts of non-bonding traffic, this may not be neces 
sary and the TPS-TC could switch between the bonding and 
non-bonding streams at the codeword boundary. 
0032. A fragmentation engine 130 provides the bonding 
fragments for individual TPS-TC links to pull out data. The 
fragmentation engine 130 maintains a queue of fragments, 
without deciding on which TPS-TC the fragments will be sent 
out on. Individual TPS-TC modules 140 pull out the frag 
ments from this queue based on their own decision making. 
The TPS-TC modules 140 multiplex between the bonding 
and non-bonding streams and make Sure the correct control 
words associated with each stream is inserted in the TC code 
word (when using the TC sync pattern method for traffic 
differentiation). The TPS-TC modules 140 may switch 
between the two streams at the TC codeword boundary for 
short bursts of the non-bonding traffic streams, or switch at 
the fragment boundary if the non-bonding traffic stream is 
long or when using the SID method for traffic differentiation. 
Since the TPS-TC modules 140 pull out the fragments only 
when they are ready to send the bonding traffic, the differen 
tial delay problem mentioned in case 1 of FIG. 1 is avoided. 
0033. It is possible to support class of service over bonded 
links, without incurring bonding related latency for delay 
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sensitive applications, without significantly increasing com 
plexity of the transmitter and receiver and without bandwidth 
loss due to reservation, by mapping a traffic class to only one 
of bonded links and transmitting it in a controlled fashion. 
The advantages of mapping a traffic class to only one of the 
bonded links include: reduced complexity for transmitter and 
receiver due to reduced bonding groups; reduced latency of 
transmission for applications that are delay sensitive, due to 
absence of fragmentation and reassembly latency; and there 
is no bandwidth reservation for low bandwidth but delay 
sensitive applications such as Voice, yet there is a guaranteed 
and minimal latency of transmission. 
0034 Various modifications to the embodiments 
described herein can include the following. The class of ser 
Vice for the packets can be distinguished using control struc 
tures. Unique control structures in a TPS-TC layer can be 
used to achieve pre-emption. The receiver can be configured 
to ignore fragments with predetermined SIDs for reassembly 
purposes, and the receiver can also use the predetermined SID 
as a traffic class identifier. The receiver can be configured to 
pass fragments with the predetermined SID to another layer 
after the SID is removed and the traffic class identifier is 
determined. The transmitter or transceiver can be configured 
to convey a predetermined SID that indicates a traffic class of 
the non-bonded traffic. 

0035. The methods described herein can be applied to 
latency sensitive applications. A differential delay can be 
controlled using the rate shaper 110 for either non-bonded 
and/or bonded traffic. A stream can be reassigned to another 
link, for example, in the case that a first link is broken or 
another reason. The transmission of a traffic stream can be 
paused to account for differential delay between the lines. The 
transmission rate can be controlled based on either the maxi 
mum data rate for that traffic class and/or a maximum differ 
ential delay the receiver can handle. Nonbonded traffic TC 
codewords need not be inserted between consecutive SIDs. 
The communication device can wait for an SID on a link to 
continue with reassembly or instead not wait for an SID and 
continue reassembly. Nonbonded traffic can be inserted when 
an end fragment matches or nearly matches an end of a TC 
codeword to minimize loss of bandwidth. The fragment size 
can be adjusted to minimize loss of bandwidth. Data streams 
can be classified based on values of certain fields in an Eth 
ernet packet. 
0036 Rate shaping can be performed based on line data 
rates, maximum data rates and/or length of burst of the non 
bonding data stream. The communication device can also 
decide which link should send the non-bonding stream, how 
many code words should be sent in a burst, and a mapping of 
traffic stream(s) to a DSL link. The communication device 
can also decide when to change a mapping of a DSL link and 
alter a size of the bonding fragment e.g. for long bursts. For 
shorterbursts, the communication device can Switch between 
bonding and non-bonding at the codeword boundary. Multi 
plexing can be enabled between bonding and non-bonding 
streams. Also, the communication device can ensure the cor 
rect control words associated with one or more streams is 
inserted in the TC codeword. The communication device can 
switch between two streams at a TC codeword boundary. 
0037. The communication device can be a transmitter, 
receiver or transceiver that provides any of the methods 
described herein. For example the communication device can 
be a CO or a CPE. The communication device can be imple 
mented as computer readable code stored on a storage 



US 2012/0044918 A1 

medium including disc, RAM, and/or PROM, Flash memory, 
cache memory, etc. that provides any of the methods 
described herein. 
0038 Terms such as “first”, “second’, and the like, are 
used to describe various elements, regions, sections, etc. and 
are also not intended to be limiting. Like terms refer to like 
elements throughout the description. 
0039. As used herein, the terms “having”, “containing, 
“including”, “comprising and the like are open ended terms 
that indicate the presence of stated elements or features, but 
do not preclude additional elements or features. The articles 
“a”, “an and “the are intended to include the plural as well 
as the singular, unless the context clearly indicates otherwise. 
0040. It is to be understood that the features of the various 
embodiments described herein may be combined with each 
other, unless specifically noted otherwise. 
0041 Although specific embodiments have been illus 
trated and described herein, it will be appreciated by those of 
ordinary skill in the art that a variety of alternate and/or 
equivalent implementations may be substituted for the spe 
cific embodiments shown and described without departing 
from the Scope of the present invention. This application is 
intended to cover any adaptations or variations of the specific 
embodiments discussed herein. Therefore, it is intended that 
this invention be limited only by the claims and the equiva 
lents thereof. 

What is claimed is: 
1. A method for supporting class of service over bonded 

lines, the method comprising: 
determining that packets of a same traffic class are to be 

sent over a same link; and 
sending the packets over the same link without passing the 

packets through a fragmentation and reassembly layer. 
2. The method according to claim 1, further comprising 

distinguishing the class of service for the packets using con 
trol structures. 

3. The method according to claim 1, further comprising 
using unique control structures in a TPS-TC layer to achieve 
pre-emption. 

4. The method according to claim 1, further comprising 
pausing the sending of the packets to account for differential 
delay between the bonded lines. 

5. The method according to claim 1, further comprising 
controlling a rate of transmission of the packets based on 65 
byte TC code words. 

6. The method according to claim 1, further comprising 
controlling a rate of transmission of the packets based on a 
maximum data rate for the traffic class and/or a maximum 
differential delay. 

7. The method according to claim 1, further comprising 
ensuring nonbonded traffic TC codewords are not inserted 
between consecutive sequence identification numbers. 

8. The method according to claim 1, further comprising 
inserting nonbonded traffic when an end fragment matches or 
nearly matches an end of a TC codeword. 

9. The method according to claim 1, further comprising 
classifying data streams based on values of one or more fields 
in an Ethernet packet. 

10. The method according to claim 1, further comprising 
performing rate shaping based on line data rates, maximum 
data rates and/or length ofburst of a non-bonding data stream. 

11. The method according to claim 1, further comprising 
deciding which link should send a non-bonding data stream. 
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12. The method according to claim 1, further comprising 
Switching between bonding and non-bonding at a codeword 
boundary. 

13. The method according to claim 1, further comprising 
multiplexing between bonding and non-bonding data 
StreamS. 

14. The method according to claim 1, further comprising 
directing non-bonded traffic streams to a particular link and 
bonded traffic streams to the fragmentation and reassembly 
layer. 

15. The method according to claim 1, further comprising 
preventing fragments with predetermined sequence identifi 
cation numbers from passing through the fragmentation and 
reassembly layer. 

16. The method according to claim 1, further comprising 
configuring a transmitter or transceiver to convey a predeter 
mined sequence identification number that indicates the traf 
fic class of the packets. 

17. A communication device for Supporting class of service 
over bonded lines, the communication device comprising one 
or more engines configured to: 

determine that packets of a same traffic class are to be sent 
over a same link; and 

send the packets over the same link without passing the 
packets through a fragmentation and reassembly layer. 

18. The communication device according to claim 17, 
wherein the one or more engines are further configured to 
distinguish the class of service for the packets using control 
Structures. 

19. The communication device according to claim 17, 
wherein the one or more engines are further configured to 
ensure nonbonded traffic TC codewords are not inserted 
between consecutive sequence identification numbers. 

20. The communication device according to claim 17, 
wherein the one or more engines are further configured to 
perform rate shaping based online data rates, maximum data 
rates and/or length of burst of a non-bonding data stream. 

21. The communication device according to claim 17. 
wherein the one or more engines are further configured to 
adjust fragment size to reduce bandwidth loss. 

22. The communication device according to claim 17. 
wherein the communication device is an xDSL, home net 
working or wireless LAN communication device. 

23. A method for supporting class of service over bonded 
lines, comprising: 

receiving fragments at a receiver, and 
configuring the receiver to prevent those fragments having 

a predetermined sequence identification number from 
passing through a fragmentation and reassembly layer. 

24. The method according to claim 23, further comprising 
determining a traffic class identifier from the predetermined 
sequence identification number. 

25. The method according to claim 24, further comprising 
removing the predetermined sequence identification number 
and passing the fragments with the predetermined sequence 
identification number to a layer other than the fragmentation 
and reassembly layer after the predetermined sequence iden 
tification number is removed and the traffic class identifier is 
determined. 

26. A receiver for supporting class of service over bonded 
lines, the receiver comprising one or more engines configured 
tO: 
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process received fragments; and 
configure the receiver to prevent those fragments having a 

predetermined sequence identification number from 
passing through a fragmentation and reassembly layer. 

27. The receiver according to claim 26, wherein the one or 
more engines are further configured to determine a traffic 
class identifier from the predetermined sequence identifica 
tion number. 

28. The receiver according to claim 27, wherein the one or 
more engines are further configured to remove the predeter 
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mined sequence identification number and pass the fragments 
with the predetermined sequence identification number to a 
layer other than the fragmentation and reassembly layer after 
the predetermined sequence identification number is 
removed and the traffic class identifier is determined. 

29. The receiver according to claim 26, wherein the 
receiver is included in an xDSL, home networking or wireless 
LAN communication device. 

c c c c c 


